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Highlighted  Topics  of  the  Talk

•  The	  BNL	  Synchrotron	  (NSLS-‐II)	  and	  u6liza6on	  
•  Background	  	  
•  The	  Invented	  cloning	  technique	  at	  BNL	  
•  Hypothesis	  	  
•  Differences	  in	  gene	  expression	  and	  protein	  synthesis	  between	  Prokaryo6c	  
and	  Eukaryo6c	  cells	  

•  Designing	  of	  primers	  and	  PCR	  amplifica6on	  of	  specific	  gene	  sequences	  
•  The	  issue	  of	  alterna6ve	  reading	  frames	  and	  gain	  of	  toxicity	  
•  Summary	  &	  Conclusions	  



Solving  Protein  Crystal  Structures  Using  NSLS-‐2  



Background
•  Expression of cloned genes in prokaryotic and eukaryotic host cells 

achieves dual purpose: 
•  Study of gene function 
•  Production of substantial amounts of products for commercial & 

investigational use. 
•  Scientific efforts are geared towards establishing strategies to determine 

appropriate vector-host combination for expression of an exogenous gene 
•  This is based on many factors that relate ultimately to nature, source and 

the properties of the gene and its product. 
•  Currently, there is a problem of compatibility of vector-host combination in 

reaching the maximum amount of expression of a particular gene 
•  Proper translation of mRNA transcript is critical to ensure proper folding of 

the product, and to sustain the protein in the intact and functional state. 



The  Vector  &  Host  Choice:  Eschrichia  coli  Model  
Expression  System  Developed  in  1986  by  W.  F.  Studier  

and  B.  A.  MoffaS  at  BNL
•  They created an RNA polymerase expression 

system which was highly selective for 
bacteriophage T7 RNA polymerase. 

•  It was designed to produce many copies of a 
desired protein within a host cell.  

•  Recombinant expression vector is inserted 
(transformed) into a host cell.  

•  This vector contains all of the genetic coding 
necessary to produce the protein including the 
following: 

•   A promoter appropriate to the host cell,  
•   A sequence which terminates transcription 
•   A sequence which codes for ribosome binding 

(Purves et al., 2001).  





Hypothesis of Summer Project 

• Expression of enough proteins using the Bacterial expression 
system developed by Studier at BNL to feed the pipeline for 
their crystal structure by NSLS-II is still a problem. These 
proteins are either not made at all, or if made were highly toxic 
to the cell. We hypothesize that the presence of Shine-Dalgarno 
Sequences (SD) within the most of eukaryotic genes creates an 
internal binding sites for ribosomes and initiation of translation 
downstream of the transcript in bacteria that may produce a 
toxic peptide to the cells expressed from alternative reading 
frames. Removal of those sequences upstream of the transcript 
might enhance production of large amount of nontoxic peptides. 



The Central Dogma of Molecular Biology 
(in Eukaryotic cells) 



The Central Dogma of Molecular Biology 
(in Prokaryotic cells)



Internal Translation Sites in Prokaryotic & 
Eukaryotic Genes 





ProkaryoTc  Gene  Expression:  The  trp  Operon
•  A	  Repressor	  Operon	  
•  Catabolite	  Ac6vator	  Protein	  (CAP):	  An	  
Ac6vator	  Regulator	  

•  The	  lac	  Operon:	  An	  Inducer	  Operon	  
•  The	  five	  genes	  that	  are	  needed	  to	  synthesize	  
tryptophan	  in	  E.	  coli	  are	  located	  next	  to	  each	  
other	  in	  the	  trp-‐operon.	  

•  When	  tryptophan	  is	  plen6ful,	  two	  
tryptophan	  molecules	  bind	  the	  repressor	  
protein	  at	  the	  operator	  sequence.	  	  

•  This	  physically	  blocks	  the	  RNA	  polymerase	  
from	  transcribing	  the	  tryptophan	  genes.	  	  

•  When	  tryptophan	  is	  absent,	  the	  repressor	  
protein	  does	  not	  bind	  to	  the	  operator	  and	  
the	  genes	  are	  transcribed.	  

•  Prokaryotes	  regulate	  gene	  expression	  by	  
controlling	  the	  amount	  of	  transcrip6on.	  	  



EukaryoTc  Gene  Expression

•  The	  Promoter	  and	  the	  
Transcrip6on	  Machinery	  

•  Transcrip6onal	  Enhancers	  and	  
Repressors	  

•  Epigene6c	  Control:	  Regula6ng	  
Access	  to	  Genes	  within	  the	  
Chromosome	  

•  RNA	  Splicing	  
•  The	  Ini6a6on	  Complex	  and	  
Transla6on	  Rate	  

•  Regula6ng	  Protein	  Ac6vity	  and	  
Longevity	  





Stages of Protein Synthesis in E. coli 

•  Is divided into three phases: 
•  Initiation 

•  ribosome is assembled in the correct place on an mRNA ready to commence protein 
synthesis. 

•  Elongation 
•  the correct amino acid is brought to the ribosome, is joined to the nascent polypeptide 

chain, and the entire assembly moves one position along the mRNA. 
•  Termination 

•  happens when a stop codon is reached, there is no amino acid to be incorporated and 
the entire assembly dissociates to release the newly-synthesized polypeptide. 

•  There are two rules about protein synthesis to keep in mind: 
•  mRNA is translated 5' -> 3' 
•  Proteins are synthesized from the N-terminus to the C-terminus 



The  Process  of  TranslaTon  (protein  synthesis)  
in  both  Prokaryotes  and  Eukaryotes



Arabidopsis	  Gld	  protein	  (GenBank	  NP_191796.1)	  

RBS1	   RBS2	  

StrepTag	  

RBS3	  

vector	   cDNA	  

alternate	  reading	  frame	  (ARF)	  polypep6de	  

RBS3	  

Gld	  
Arf	  

Star6ng	  construct	  for	  expression	  of	  Gld	  res	  89-‐127,	  with	  C-‐term	  
StrepTag.	  Note	  that	  transla6on	  from	  start	  sites	  2&3	  would	  
produce	  the	  Arf-‐encoded	  polypep6de.	  



#1152	   #1169	  

PCR	  

vector	   cDNA	  
Product	  

RBS1	   RBS2	  

To	  confirm	  the	  frame	  2-‐encoded	  polypep6de,	  but	  not	  Gld,	  is	  the	  toxic	  product,	  the	  following	  construct	  was	  made:	  	  

Results:	  expression	  of	  this	  product	  was	  as	  toxic	  as	  the	  star6ng	  construct	  shown	  in	  slide	  1.	  Note	  there	  is	  no	  start	  site	  in	  this	  product	  for	  
transla6on	  of	  the	  Gld	  polypep6de	  (now	  encoded	  in	  frame	  2).	  	  Only	  the	  Arf	  polypep6de	  can	  be	  produced.	  	  



1152	  

1170	  

PCR,	  ligate	  

vector	   cDNA	  

MtpB1	  
Arf	  

1152	  

1171	  

PCR,	  ligate	  

TSS-‐1	  
TSS-‐2	  

vector	   cDNA	  

MtpB1	  
Arf	  

TSS-‐1	   TSS-‐3	  TSS-‐2	  

TSS-‐3	  

Toxic	  MtpB1	  Arf	  polypep6des	  (earlier	  dele6on	  analysis	  showed	  middle	  third	  of	  
MtpB1	  coding	  sequence	  was	  sufficient	  for	  toxic	  ac6vity)	  

Top	  pep6de	  (28mer)	  is	  strongly	  toxic,	  	  arres6ng	  growth	  immediately	  acer	  induc6on.	  
The	  truncated	  variant	  (bodom)	  lacking	  res	  1-‐14	  is	  less	  toxic,	  arres6ng	  growth	  acer	  ~	  
0.5	  cell	  doublings.	  Note	  that	  both	  Arf	  pep6des	  can	  be	  translated	  from	  start	  sites	  
1&2,	  whereas	  transla6on	  from	  TSS-‐3	  would	  produce	  a	  truncated	  MtpB1	  protein	  
lacking	  first	  ~100	  aa.	  	  	  	  



CrypTc  translaTon  start  sites  in  the  
Arabidopsis  MtpB1  cDNA  (1-‐1197

nt SD downstream sequence TSS? Frame 

52 GAGG AAGAAATGGAGTCACCAT Y 1 
88 GAGG AAAATTTAGGCGTGGTTC Y? 1 
236 GAGG TTTTAAGGCGAATAGTCT N - 
478 GAGG TTAATGGAGAAATCATGT Y 2 
634 GAGG TGGTGGCAGAAGAGGAGG ? 1 
649 GAGG AGGAGGAGGAAATGAATC ? 1 
652 GAGG AGGAGGAAATGAATCCTT Y 1 
655 GAGG AGGAAATGAATCCTT  Y 1 
658 GAGG AAATGAATC   ? 1 
779 GAGG TATCATTTGGGTAAAACC N - 
941 GAGG ACTTAAGCGAATCGATGG ? 2 
1135 GAGG TCGACCTGCAGGGGGACC N - 



4 GGAG ACCGCGGAGAATTGGAGC N - 
13 GGAG AATTGGAGCAAATCTGCA N - 
21 GGAG CAAATCTGCATTTTGAAA N - 
63 GGAG TCACCATCACCATCGAAA N - 
235 GGAG GTTTTAAGGCGAATAGTC N - 
430 GGAG TGATAATCCATGAAGCCA Y 2 Toxic  
487 GGAG AAATCATGTTTGGGATTT Y 1 
633 GGAG GTGGTGGCAGAAGAGGAC Y 1 
651 GGAG GAGGAGGAAATGAATCCT Y 1 
654 GGAG GAGGAAATGAATCCTTTA Y 1 
657 GGAG GAAATGAATCCTTTAAAA Y 1 
699 GGAG ATGAACATTAACATACAA ? 1 
721 GGAG CTTATCTTCACGCAATGG N - 
778 GGAG GTATCATTTGGGTAAAAC N - 
961 GGAG TTAAGATTGTTTATGATC ? 2 
993 GGAG ATAACAGTAGGGAGAATC N - 
1007 GGAG AATCGTATTGTCCTGTCA N - 
1045 GGAG CTAGTCCTAAAGAGATCA N - 
1172 GGAG CCACCCGCAGTTCGAAAA N - 

  nt SD                  downstream  sequence                                    TSS?                Frame	  



Cryptic TSS in the Arabidopsis Gld cDNA (1-993) 
 
404 GAGG CTTCGAGGTTGAATA  N - 
412 GAGG TTGATATTATGCATT  Y 1 
560 GAGG TGACAGATTTGGTCA  N - 
658 GAGG AAGACAGCCCTTACA  N - 
726 GAGG ACAATGGACCGTCTC  Y 1 
4 GGAG ACCGCGGTGTTGTAC  Y 2 
44 GGAG TTGTGAATCGCACTC  ? 2 
63 GGAG ATTCAGGTCTTAGCC  N - 
255 GGAG ATTGATGGAAATTAC  Y 2 Toxic 
499 GGAG GTGACAGATTTGGTC  ? 2 
613 GGAG CGTGGTGGCACAGCA  Y 3 
968 GGAG CCACCCGCAGTTCGA  N - 
Cryptic TSS in the E. coli RpoB coding sequence (1-4029) 
 
945 GGAG CTGAGCCTGGATCTGCTGGCT  N - 
2994 GGAG CTGGGCCTGACAGACGAAG  N - 
3813 GGAG ATGGAAGTGTGGGC   Y 1,3 
3945 GGAG CCGGGCATG    Y 1 



Summery  &  Conclusions
•  Hypothesis:	  incompa6bility	  
between	  prokaryo6c	  and	  
eukaryo6c	  gene	  expression	  

•  Prokaryo6c	  genes:	  No	  
transla6on	  ini6a6on	  start	  
sites	  (TSS)	  

•  Eukaryo6c	  genes	  (have	  many	  
TSS)	  

•  A	  widen	  bodleneck	  in	  using	  
gene	  expression	  and	  
elimina6on	  of	  TSS.	  

•  Future	  solu6on:	  
•  To	  make	  synthe6c	  genes	  by	  
elimina6ng	  internal	  TSS	  and	  
reducing	  codon	  bias	  

Alkaline	  Phosphatase	   No	  internal	  TSS	  

Gld	  
Mtp	  B1	   Many	  internal	  TSS	  

Widen	  bodleneck,	  	  using	  
gene	  synthesis	  to	  eliminate	  
TSS	  


